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1.0 
Introduction


The Free Ocean CO2 Enrichment (FOCE) experiment was created to provide a test bed for a broad spectrum of ocean science to address issues associated with anthropogenic pH change in the ocean. FOCE has been designed to create and actively control a commanded lower pH environmental condition, maintain the condition within boundary parameters, and allow in-situ multi-discipline science experiments to conduct observations and perturbations over a desired temporal scale.

This document describes the essential facets required in order to deploy and operate FOCE.  The experiment will take place in 1000 meters of water depth at the Smooth Ridge plateau in Monterey Bay.  It will obtain power and communication links through one of eight ports available on the subsea node of the Monterey Accelerated Research System (MARS).  This document defines the criteria and methodology used for design, preparation, deployment, operation, and retrieval for the various sub-systems comprising FOCE. 

2.0 Concept of Operation

The FOCE System creates a stable lower pH environment based on values within the operational range selected by the science PI. FOCE variants can operate by a cable providing power and communications when attached to any appropriate source. 

3.0 Design Approach and Strategy  

4.0 Functional Requirements 

4.1 Environmental 

4.1.1   General

4.1.1.1 Depth
The operating depth of the FOCE experiment is 1000 meters.

4.1.1.2 Temperature 

4.1.1.3 Current Regime
The current regime on Smooth Ridge is anticipated to range from 0 – 25 cm/sec.
4.1.2   FOCE Equilibrium Test Chamber (ETC) 
4.1.2.1 Flue

The Flue is comprised of an inlet passageway, a central control volume, and an outlet passageway. The Flue shall be robustly designed and incorporate features to support transportation to and from the deployment site. Features shall be incorporated that will support placement and The Flue shall be designed to be open-bottomed but upon proper placement on the seafloor will respond as a four-sided flow chamber. The inlet and outlet passageways shall be 1 meter wide x ½ meter tall and contain a Seawater Flow Generator (SFG).  Each SFG shall be located at the outside ends of each passageway.  Each inlet and outlet passageway shall incorporate baffles to provide a current path length of approximately 4 meters. Each path length shall be designed to assist the modified pH of the seawater to come to equilibrium prior to entering the Equilibrium Test Volume (ETV).  Each passageway shall connect directly to the 1 meter long x 1 meter wide x ½ meter tall centrally located ETV. The two passageways shall each have a Seawater Flow Generator (SFG) which shall permit the equilibrated flow to sequentially enter or exit the ETV from either direction.  The ETV shall incorporate multiple reinforced locations for placement of instruments and equipment.  The ETV shall incorporate a door that is 0.3 meters x 0.3 meters.  The door shall be designed for opening and closing with a manipulator.  The door design shall include provision for locking while in the closed position.
4.1.2.1.1 Construction Materials

All materials used in construction of the ETC shall be seawater compatible and suitable for placement on the seafloor for periods of up to one year in duration.  The ETC walls and baffles shall be comprised predominantly of clear polycarbonate (Lexan, Makrolon, et al).  All metallic ancillary components such as hinges, fasteners, springs, etc. shall be employed with a focus on mitigating galvanic effects.   Cathodic protection shall be used where appropriate.
4.1.2.2 pH control limits 
4.1.2.3 Seawater Flow Generator (SFG)
The SFG shall be used  to create a uniform flow of seawater through the ETC.  Each SFG shall be securely attached to the end of a passageway on the ETC.  Each SFG shall be capable of creating a variable flowrate.  The flowrate shall be controllable and shall range from 0 liters/minute to 6056 liters/minute (0 – 1600 gallons/minute) with a minimal pressure head change. 

Each SFG shall be powered by a Brushless DC Electric motor that shall not exceed 2600 Watts.   

4.1.2.4 CO2 Tank
A tank capable of holding xx liters of liquid CO2 will be mounted to The Flue. It will have an electronically readable volume/pressure gauge.

4.1.2.5 Metering Pump
The metering pump shall control the rate and volume of acidified seawater introduced into the ETV. 
4.1.2.6 Main Valve

A valve will be placed between the CO2 tank and the Metering Pump. The valve will be actuated remotely by electrical signal.

4.1.2.7 Distribution Valves

Each of the four passageways will have independent distribution valves allowing for off angle currents. These valves will be actuated remotely by electrical signal.  

4.2 Power and Communications

4.2.1   General

4.2.1.1 Power
4.2.1.1.1 Power Available

Power is provided by the MARS node at +375Vdc and +48Vdc. Based on current MARS hardware, the maximum power available on any high power port is 2.6kW (for +48Vdc and +375Vdc).
4.2.1.1.2 Power Distribution

The +48Vdc will be down converted to the low voltages needed by the majority of the instruments and devices in the FOCE experiment. This includes +24Vdc, +12Vdc, and +5Vdc. The +375Vdc will be down converted to the voltage necessary to drive the SFG. All signals leaving the main electronics enclosure will be ground fault protected, electrically isolated, and load switchable. In addition, the load voltage and current usage will be logged.

4.2.1.2 MARS Interface Cable
The interface cable between the MARS node and FOCE experiment is a custom cable from FALMAT. The cable consists of 4 pairs of 22AWG wire and 1 pair of 14AWG wire. The cable will provide +375Vdc, +48Vdc, and an Ethernet connection. 

4.2.1.3 Instrumentation

4.2.1.3.1 ADCP
A Teledyne RD Workhorse Navigator (WHN 600) will be used to measure the currents surrounding The Flue. The accuracy of the WHN 600 is 0.1 cm/sec with a measurement range of +/- 10 m/sec.
4.2.1.3.2 pH Sensors (Chamber)
Seabird SBE 18 pH sensors will be utilized to measure the pH level of the ETV. Each passageway will have two pH sensors, one being a functional backup. These will be located just outside of the ETV in each of the passageways. The accuracy of the SBE 18 is 0.1 pH with a measurement range of 0-14 pH.
4.2.1.3.3 pH Sensor (Reference)
A Sunburst SAMI pCO2 sensor will be used to measure the CO2 level of the water surrounding The Flue. The accuracy of the SAMI is ~1u atm with a measurement range of 0-2000 u atm. 
4.2.1.3.4 CTD
Two Seabird SBE 52-MP CTD sensors will be used to measure conductivity, temperature, and salinity. One will be placed inside of the ETV while the second will be mounting outside of The Flue to measure the surrounding water. Each of the SBE 52-MPs has an optional Dissolved Oxygen (DO) sensor (SBE-43F) attached. 
4.2.1.3.5 Flowmeter

A NorTek Vector velocimeter will be used to measure the current speed inside of the ETV. The accuracy is +/- 0.5% of the measurement value with a measurement range up to 7 m/sec.

4.2.1.4   Video
4.2.1.4.1 Camera
A video camera will be used to capture still images and live motion clips. The resolution should have a minimum of 480 horizontal lines. Other features should include an adjustable iris and focus, variable zoom, and pan/tilt. 
4.2.1.4.2 Lighting
Lighting for the camera will be necessary due to the operating depth. The light level should be such that is does not interfere with the biologicals in the ETV and also does not saturate the camera.

4.2.1.5 Computer System

4.2.1.5.1 Motherboard

4.2.1.5.2 Data Storage

4.2.1.5.3 Ethernet Expander

4.2.1.5.4 Serial Expander

4.2.1.5.5 Analog Input Board

4.2.1.5.6 Video Server / Capture Board

4.2.1.5.7 Power Supply
4.3 Data and GUI

4.3.1 General

4.3.1.1 Instrumentation

4.3.1.1.1 ADCP

4.3.1.1.2 PH Sensors

4.3.1.1.3 CTD

4.3.1.1.4 Flowmeter

4.3.1.2 Video

4.3.1.2.1 Camera

4.3.1.2.2 Lighting

5.0 Test and Integration

5.1 Test Plan

5.1.1  Parameters

6.0 Installation

The FOCE System must be ROV (and HOV) deployable for depths greater than a human diver can safely work. The FOCE System must be installed in one dive day with a bottom time limit of 2 hours. 

6.1 Deployment
6.1.1   Transportation to deployment site
6.1.2   Transition to Seafloor from Ship
6.1.3   Seafloor Orientation
6.1.4   Connecting to MARS node Port
6.1.4.1 In Situ test

6.2 Retrieval

6.2.1   Preparation for Retrieval

6.2.1.1 Shutdown Procedure

6.2.1.2 Disconnect Procedure

6.2.1.3  Lift Preparation

6.2.2  Transition from Seafloor to Ship

6.2.3  Transportation from deployment site

7.0 Data Products

8.0 Deliverables

8.1 FOCE Framework for deployment  

8.2 Documentation

8.3 Web Interface / GUI

8.4 Raw Data Format Documentation

8.5 Test Plan

9.0 Appendices
9.1 Systems Block Diagram

9.2 Controls Diagram

9.3 Software Architecture

System requirement specification forms the foundation on which the architecture, design, and implementation of a website is built. Documents containing system specifications are critical because major expenses come alongwith having to fix the implementation of incorrect requirements as a result of not having a specification document on hand. System specification documents can thus be defined as the requirements documentation that formally specifies the system-level requirements of a single website application.

System specification documents most predominantly contain information on basic website requirements which include:

    * performance levels

    * reliability

    * quality

    * interfaces

    * security and privacy

    * constraints and limitations

    * functional capabilities

    * data structures and elements

There is alot to be said about specifications and requirements. To write a top-quality document to be used during the website development process begins with a complete definition of customer requirements. This is because satisfying the end-user by giving them what they want and need is the targeted goal of every website development company. Without the end-user, a website would in fact be deemed practically useless. System specification documents are complied with a natural language incorporating strength and weakness indicators. Obtaining this information means that Intoweb in the best position to create and add value to critical project documentation and can thus offer a wide variety of benefits to all clients.

Benefits of Drawing Up System Specification Documents

There are a number of benefits which can be enjoyed as a direct result of drawing up system specification documents for use in the entire website development process, from beginning to end. These benefits can be listed as the following:

    * Using system specification documentation allows establishment of a consensus among stakeholders in consideration of system-level requirements of their website.

    * By having a well-specified set of requirements in document format reduces endeavour risks and prevents poorly analysed, specified, and managed requirements from being included in the final product.

    * The requirements specified in system specification documentation includes information which sets the scope, size, and complexity of the final website application.

    * Requirements included in such documentation is able to drive the system architecture, the testing activities, implementation, and overall website design.
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